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Attachment  Criterion  of  the  Diffuse  Phase  Particles  in  the  Dispersive 
System,  to  the  collision  surface  in  the  quasi-elastic  Rebound  and  Rolling 
Cases. 

by 

ii'itold  hutouski 


Abstract ; : 


abound  alJrTTlrewulinSfob.Uoto  coUoion.  TW.  eriterion  U '***<>'» ^iZl^uLId 
previously  on  the  sumption  of  partiele  hiding  dUloo.Uon  on  ita  *****  coUUion  cau.ed 

by  fluid  draff  hm  TWa  mw  wHwte-  »•  *"»■**  "•  " 
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1.  Introduction 

In  the  work  (1  ) the  criterion  was  introduced,  for  the  particles 
attachment  (or  separation)  to  the  surface  streamlined  by  the  dispersive 
system  ( aerosol  or  hyarosol).  The  collisions  between  particles  ana  the 
streamlined  surface  are  due  tc  various  nechanisrrs  like  for  example, 
diffusion  in  the  cese  of  small  ( Brownian  ) particles  ana  velocities, 
inertial  deflection  from  the  stream  in  the  case  of  heavier  particles 
or  higher  velocity,  adhesion  of  the  particles  sufficiently  close  to  the 
surface,  Gravitational  or  electrostatic  deflection  from  the  stream  ( in 
the  case  of  external  electrical  field).  The  streamlined  surface  thsn  plays 
the  role  of  separator  between  Ihe  aispersed  ana  aispersing  phase.  The 
particle  will  ce  separarted  if  it  collioes  with  the  mentioned  surface  and 
if  tne  achesion  force  ia  greater  than  the  reaction  force.  It  is  more 
convenient  to  use  the  energies  instead  of  tne  forces.  The  adhesion  energy 
is  obtained  by  multiplying  ^--both  sides  of  the  Deryagin  equality  by 
the  displacement  corresponding  to  the  state  of  particle  separation  (1.). 
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Such  a state  exists  for  the  particle  moving  along  the  surface,  ana  for  the 
separation  in  the  direction  normal  to  this  surface,  the  displacement 
corresponds  to  the  distance  at  which  one  can  iqncre  the  adhesion  forces 
( molecular,  electrostatic).  Therefore,  for  the  criterion,  the  following 


ratio  is  used  (1.): 


ir~ 

* ur 


where  Ep  - sohesion  energy,  Er  - reaction  energy.  In  this  case  the 

"inelastic"  case  was  considered,  ie.  the  separation  due  only  to  the 

translational  motion  of  the  particle  along  the  surface  caused  by  the 

fluid  viscosity.  In  this  case  Ep=  jj~  Q E^,  where  yU0  is  the  staic 

friction  coefficient  between  the  particle  and  the  surface* and  Eft  is  the 

adhesion  energy,  equal  to  the  product  ASr>  where  A is  the  adhesion  energy 

on  the  unit  of  the  contact  surface  ( specific  adhesion  energy),  Sf  - 

the  actual  contact  surface  ( particle  contact  with  the  colliding  surface). 

It  was  further  assumed  that  S = ? S.  , where  'T  is  the  contact  coefficient 

r S o k jo 

(X0^l  )»  end  SR  - the  kinetic  ( envelope)  particle  surface  . The 

linear  measure  of  this  surface  is  (2)  the  kinetic  particle  dimension 

a^  = (S^  / 4^  » u,her8  *s  *he  eouivalent  shape  coefficient  of  the 

particle  kinetic  surface.  Furthermore,  the  fluid  gives  the  particle 

2 

the  energy  E * mu  / 2,  where  m is  the  particle  mass,  u„  the  mean  particle 

r p P 

velocity  at  the  Distance  ak  from  the  surface  along  which  the  particle 
travels.  The  mass  of  the  porous  particle  can  be  expressed  by  (2)  : 

m « Up  , where  is  the  density,  Vp  - the  particle  volume  ( excluding 

the  pores,  except  the  closed  pores  included  In  P»  ),  which  linear 

■ 0 I 

measure  is  the  static  volume  size,  equal  * 0/j/l|^)  , wher^r^.is  the 
coefficient  of  equivalent  particle  volume  \lj  . 

According  to  the  author's  latest  studies  (2),  the  relations 
between  the  quantities  , ak  and  the  dynamic  quantity  a are  as  follows 


is  the 


l 


3. 


-•!//(» -A) J 


tl* 


<>nd 


where 


denotes  the  particle  porosity. 


In  these  formulas  the  sc  called  kinetic  shape  coefficient,^  used 

in  (1),  uias  ommlted,  which  is  approximately  equal  to  1 for  not  too 

elongated  or  disc-i^ke  particles,  and  £ Is  the  motion  coefficient.  The 

transition  from  the  geometrical  quantities  aa,  a.  ) to  the  dynamic  one, 

for 

is  justified  on  the  fact  that  the  determination  methods^-  this  quantity 

ana  the  particle  distribution  v.s.  the  dynamic  quantity,  known  also 

as  the  ••di»e»tatienal  , are  best  known  ana  widely  used;  and  the 
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approximate  method  for  determination  of as  the  mean  porosity  of 
the  particle  set,  is  presently  being  developed  (2). 

Taking  into  account  the  given  relations,  anc  the  fact  that^  * 6 
^for  the  effective  sphere,  hexagon,  or  cylinder  with  the  diameter  equal 
to  the  height)  one  obtslna  from  the  equation  (1): 


U*=-w- 


(J) 


where  The  quantities  Jjl„  and^are  unknown  ( in  fact 

undeterminable!,  therefore,^  needs  to  be  treated  as  the  empirical 
constant.  The  quantity<pfor  the  non  elongated  or  non  disc  particles  is 
on  the  average  Q.9u3  (2). 

Consioering  the  phenomenon  in  the  fluid  boundary  layer  et  the 

colliding  surface,  the  nonstatic  layer  ana  the  streen  mixing  phenomenon 

in  the  streamlined  system,  the  expression  wa^obtainad  determining  the 

criterion  u *in  the  cases  of  laminar  and  turbulent  flows.  For  the 
P 

problem  considered  here,  the  form  of  Gp*  for  the  second  case  is  of 


s 


Interest,  and  is  given  by 


where  u is  the  fluid  velocity  near  the  streamlined  elements  and 


I V - 


CQ  is  the  constant  resulting  from  the  assumption  up  = Cg  U>(1)>  The 
velocity  u is  determined  (3,L)  by 


* - a ir  ’ 


where  H*  is  the  hydrodynamic  coefficient,  obtained  from  the  velocity 

fluid  eguation  for  the  flow  arouna  the  object,  and  uq  the  velocity  far 

away  from  the  object.  For  example,  for  the  system  of  high  porosity 

j/3 

fioere  (1^)  o.9)  the  hyorooynamic  coefficient  of  Happel  - Kuwabara  is 
uses  (3) 


if  - 


A. 


where  l-^k  is  the  sc  called  system  packing  degree,  the  the  constant 
C is  eaual  to  D.5  according  to  Happel  and  0.75  according  to  Kuwabara. 
For  the  flow  around  the  cylinder*  at  the  low  Reynolds  number  ( Re4  0.5) 
'the  Lamb  hydrodynamic  coefficient  H*  » 2.00?  - In  Re  is  used  (3.L.5). 
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The  liquid  flow  velocity  in  the  porous  system  can  be  replaced  by  the 
measurable  inflow  velocity  u,  which  is  the  ratio  of  the  volume  flow 
intensity  to  the  perpenoicular  cross  section  surface. 


- h 


w 


The  criterion  (3)  after  the  substitution  of  the  hydrodynamic  factor 
will  become 


<r  - 4u*w: — - 


itfV'i  ~ jtc 


(7) 


The  particle  moving  along  the  surface  can  be  separated  because  the 
boundary  layer  separates  or  because  of  its  instability  due  to  the 
turbulences  alcng  the  surface  or  at  the  edges  or  sharp  corners. 

The  latest  studies  (6,7)  show,  that  in  the  case  of  particle 
adhesion  to  the  thin  fioers,  the  adhesion  forces  are  sc  strong  that  the 
particle  separation  cannot  be  attributed  to  the  motion  or  tubulence  of 
gas,  Accorcingly,  the  authors  (6)  introduced  the  hypothesis  of  the 
elastic  particle  rebound.  The  adhesion  ( or  separation)  criterion  for 
this  case,  which  is  not  limited  to  fibers,  is  the  goal  of  this  work. 

In  addition,  the  case  will  be  considered  in  which  the  particle  rolls  along 
the  colliding  surface. 

In  the  models  used  for  the  derivation  of  the  adhesion  criterion, 
both  in  (1)  and  in  this  work,  the  surface  deformation  at  this  collision 
was  lanored.  Inclusion  of  those  deformations  would  increase  the  value 
of  the  contact  coefficient.  The  contact  coefficient  would  incrggse 
and  the  particle  energy  at  the  collision  ( ie.  the  reaction  energy)  would 
decrease.  This  problem  of  the  influence  of  oeformatian  on  the  particle 
aahesion  was  studied  in  (o),  in  order  to  explain  the  increase  in  the 
number  of  trapped  particles  above  certain  velocity,  called  the  second 


» 


i 

I 


/ 


critical  velocity. 

In  the  mork  (cj  the  expression  for  the  particle  energy  in  the 
colliaion  mith  deformation  mas  derived,  and  the  expression  for  the 
penetration  depth  for  the  spherical  particle.  This  penetration  mould 
cause  the  increase  of  the  ccntect  surface,  thus  the  increase  in  the 
contact  coefficient.  Undoubtedly,  the  value  of  this  coefficient  mould 
depend  on  the  partic’e  type  and  the  colliding  surface^to  a much  greater 
degree  than  for  the  plastic  deformation.  The  exchanged  energy  corresponding 
to  the  reaction  energy  is  (8) 

K,  = (*»  + «,), 


mhere  m^  is  the  mass  of  the  deformed  surface  elemnet.  One  can  sse  that 
for  no  deformation  ( m^*  o ) or  for  small  deformation  (mQ  < < m) , 

this  energy  can  be  accepted  in  the  primary  form  as  derived  by  the  author. 

As  it  folloms  from  the  ciscussions  and  the  results  given  in  (8)  and 
(9),  the  second  critical  velocity,  above  mhich  the  particle  adhesion 
increases,  and  attributed  by  the  authors  of  (6)  to  the  deformation  at  the 
collision,  is  very  large  as  compared  to  the  velocities  used  for  the 

phase  separation  in  the  dispersed  systems.  According  to  the  experimental 

pfasf  i c 

results  in  (6)rS**e  deformation  takes  place  for  the  decreasing  particle 
sizes  at  dscreasinc  velocities,  starting  fcr  the  particles  of  the 
order  1-2  ^A.m  at  several  m/sec  for  the  collisions  mith' SHe^paraffin 


In  the  case  of  solia  materials,  for  mhich  the  hardness  exceed^  severaj 

A " 

times  the  hardness  of  pdraffin  lb),  these  velocities  mill  be  much  higher • 
they  reach  several  hunoreo  m/aa/^bn  the  other  hand,  if  the  colliding 
surface  is  the  liquid,  the  mechanical  deformation  can  be  only  temporary, 
ana  the  contact  surface  and  at  the  same  time  the  contact  coefficient  ,1s 


i 
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determined  by  the  meniscus  height  on  the  particle  which  is  dependent 
on  the  liquid  wetting  angle. 

The  use  of  the  velocities  less  than  a feu  m/ssc  in  the  phase 
separation  process,  is  due  to  the  fact  that  the  higher  velocities  uould 
require  higher  energies  to  overcome  the  hydraulic  resistance,  uhich  is 
connected  with  the  problem  economics,  and  also  because  at  the  higher 
velocities  the  particle  separation  uould  take  place,  and  thus  the  decrease  in 

process  efficiency.  One  has  to  point  out  that  the  very  small  particles, 

due  to 

smaller  than  ) jj,m  also  completely  adhere ^ the  causes  other  than  the 
deformation,  namely  due  to  the  high  values  of  the  specific  adhesion  energy 
A,  which  is  proportional  to  1/r^  ( r - the  particle  raoius).  In  other 
uords,  the  particles  could  in  general  undergo  the  complete  adhesion  even 
without  tne  deformation.  The  diff f iculties  in  separation  of  such  particles 
(5)  are  caused  by  the  difficulty  in  the  collision  itself  with  the  stream- 
lineo  obstacle  due  to  the  inertia,  trapping  or  gravitation,  and  the 
diffusion  takes  place  for  the  particles  smaller  than  0.3  - (J.5yum.  From 
the  experiments  and  discussions  in  (6)  and  (9)  it  follows  that  the  increase 

of  velocity  tc  above  the  second  critical  velocity  should  increase  the 

because 

effectiveness  of  the  separation  process,  especially  f with  the  increase 
of  velocity  the  effectiveness  of  inertial  collisions  also  increases.  It 
applies  only  to  the  particle  collisions  with  the  given  surface,  that  is 
to  the  covering  mono-'layer.  However,  in  the  practically  applied  phase 
separation  processes,  the  surface  coating  is  multilayered,  therefore,  after 
the  short  time  the  collision  surface  becomes  structurally  the  particle 
layer.  In  this  case  the  specific  adhesion  energy,  uhich  for  the  mutual 
particle  aohtsion  in  the  layer  is  celled  the  specific  autoadheslon 
energy,  is  considerably  reduced  as  compared  with  the  adhesion  to  the 
solid  state  surface  (10).  The  exception  are  the  collisions  of  uettable 


b. 

particles  with  the  fluid,  that  is,  the  particles  for  which  the  wetting 
angle  with  the  given  fluid  is  less  than  90°  (11),  and  which  are  wetted 
by  the  fluid  after  the  cclHsicn. 

It  follows  then  from  these  remarks,  that  it  is  justified  to  neglect 
the  deformation  phenomenon  in  the  models  used  for  the  determination  of 
the  adhesion  criterion  of  the  particles  to  the  collision  surface  in 
phase  separation  processes,  ana  this  does  not  introduce  any  essential 
discrepancies. 

! 

2.  Derivation  cf  the  Adhesion  Criterion  of  Particles  to  the  Collision 
Surface  for  the  Case  of  Rebound 

This  problem  wi 1 1 be  studied  under  the  assumption  of  ideal  elastic 
collision  without  the  sliding.  Ignoring  the  sliding  is  justifies  in  this 
case,  since  if  at  the  lack  of  rebound  the  adhesion  force  is  by  assumption 
so  strono(that  it  does  not  allow  fcr  the  partic’e  motion,  there  should 
not  be  env  slidinq  at  th  colMsion  but  at  the  most  the  rebound.  In 
the  instant  of  collision,  houevsr,  the  adhesion  force  is  acting  and  if 
it  is  comparable  with  the  particle  impact  force,  it  brakes  the  particle. 

This  is  why  the  term  "quasi- elastic  rtbouna"  is  used.  The  aohesion  force 
is  the  factor  causing  certain  "nonelesticity " , and  it  is  relativ&ly  large 
for  the  particles  of  the  oroer  of  several  tens  of  yw.m  (ID).  When  the 
particle  collides  with  the  stationary  surface,  this  phenomenon  can  be 
considered  aa  a collision  with  the  wai 1 , and  if  the  colliding  surface 
element  moves  with  the  velocity  a,  that  phenomenon  can  be  similarly 
treated.  U'e  are  not  interested  in  the  direction  of  motion  of  the 
•bstruatlM  eleaaat  , or  in  the  change  of  its  kinetic  energy,  so  in  this 
case  the  relative  velocity  between  the  particle  and  the  surface  element 
should  be  used  for  the  collision  velocity. 
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Fig  la.  shows  the  distribution  of  forces  during  the  elastic  collision, 

ignoring  the  adhesion  force.  The  impact  force  is  distributed  into  normal 

force  F^,  which  gives  the  reaction  force  - F^,  and  the  tangential  force 

F . The  resultant  force  F of  F . and  F forms  the  angle  with  the  normal 
s n 9 

direction  which  equal  to  the  collision  angle  and  is  equal  in  size  to  <p 
the  co1 listen  force  Fz> 

In  Fig  lo.  the  Distribution  of  forces  is  shown  when  the  adhesion 
force  F^  is  taxon  into  account  (quasi-elastic  collision).  In  this  case 
ana  F^F^.  For  the  cbsb  of  F 1 - F^  1 , due  to  the  fact  that 
the  adhesion  force  has  no  reaction,  F^  = 0 and  the  particle  will  not 
rebound  but  will  remain  at  the  surface,  along  which  it  may  move. 

In  the  case  of  ouasi  elastic  particle  rebound,  it  is  natural  to 

adopt  as  the  adhesion  or  separation  criterion,  the  ratio  F / F or 

A ** 

Em  / where  E*  is  the  adhesion  energy  corresponding  to  the  force  F^, 
and  E^  - the  reaction  energy  corres.  oncing  to  the  force  F^.  Therefore 

*«  ...  « 


' *v 


(•) 


f 


Since  E^  = ASr»  cos(^(Fig.  1 ),  and  E^  » mu^  /2,  then  from 

the  anologous  consideration  one  obtains: 


(•) 


where  « 12^0  / cos  f ^ • 


u 


Making  the  orevlous  assumption  (1) 
fact' r H* , according  to  the  expression  ((*),  one  obtains  : 


Up  ■ CR  and  introducing  the  hydrodynamic 


< - ♦*"».  -.-  j — 


<»•> 
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where  ^ ■ 12^  / CQ2JT**  ' cos^J.  This  criterion  is  analogous  to  the 

one  obtained  in  (1)  and  given  in  expression  (7). 

In  criterion  (10)  there  Is  no  static  friction  coefficient  but 
there  is  the  cosine  of  the  incident  angle,  value  of  which  is  different 
for  different  stream  lines.  The  angle  can  be  averaged,  but  because  of 
the  unknown  values  forj”,,  and  CQ,  which  are  certain  types  of  average  values, 
the  gual  ity has  to  be  treated  in  practice  as  an  empirical  constant,  and 
the  averaging  of  the  -ingle  ^is  not  useful. 

If  there  is  no  rebound,  but  there  is  some  translational  movement 
of  the  particle,  then  the  criterion  (10)  changes  into  criterion  (7)  by 
replacing vj^py ^ano  reverse. 


J.  Problem  of  the  Particle  Rolling  on  the  Collision  Surface. 

The  aahesion  criterion  in  work  (1)  were  derived  as  if  the  particle 
moved  along  the  collision  surface  in  translational  motion  ( taking  into 
account  the  static  friction  coefficient  Jic  ) . But  in  many  cases  the  particle 
rolling  is  possible  and  quite  probable.  This  is  due  to  both  the  particle 
shape  and  their  velocity  distribution  along  the  particle  surface  which 
causes  their  angular  momentum.  Dne  ca^  show  that  for  the  case  of 
particle  rolling,  the  considerations  lead  to  the  similar  type  of  criteria 
as  derived  in  (1)  and  ditea  in  this  work.  For  the  rolling  ( without  the 
slip,  ana  about  the  center  of  tne  mass  ) the  reaction  energy  is  equal  to 


K *»*£/«  «=  *n*£i(3  + 

CJ  u 

where  I is  the  particle  moment  of  inertie , .*<-  the  angular  velocity,  if  . - 

U . 

the  treneleticnal  velocity.  Using  w « r*  and  I • «0  mr2  where  r is 

the  particle  size  corresponding  to  its  effective  radius,  - the 
numerical  coefficient  of  the  moment  of  inertia,  and  considering  (1)  for 


( 


11. 


the  turbulent  flow  ( Instabilities  of  the  boundary  layer,  vortices  or 
stream  mixing  ) one  obtaines  the  analogous  expression  for  the 
reaction  energy 


i!,  - {*|(1  I *,)/»]«»»*  or 


M,  - (*/*)»«•, 


where  k^(l~kQ)=k. 

The  value  of  the  coefficient  depends  on  the  particle  shape  and  if 

it  is  "hollow"  or  solid,  thus  to  a certain  degree  on  its  porosity.  For 

example,  for  a sphere  = 2/5,  for  the  solid  sphere  of  the  radius  rj,  the 

2 

moment  of  inertia  I = ( 2/5  ) m r(  , and  for  the  hollow  SDhere  with  the  outside 
radius  t^,  and  inside  radius  r^  the  moment  of  inertia  is  : 

/ « (2/6)»(r*  - _ rj). 


For  the  solid  cy’inder  of  radius  F ^ the  moment  of  inertia  about  its  axis 
2 

is  I = (#)  mjTj  , and  for  the  hollow  cylinder  with  the  outside  radius  r,  and 
insiae  raaius  r^  it  is  equal  to 

/ - (l/2)m(r}  -f  rj) f 

thus  k = a. 

0 

If  we  adopt  the  hollow  body  model  for  the  porous  particles,  with  the 
equivalent  shapcof  sphere  or  cylinder  with  the  diameter  equal  to  its  height, 
that  is  the  modtl  in  which  all  the  pores  are  lumped  into  one  equivalent 
volume  with  the  radius  r^,  then  the  given  moments  of  inertia  can  be 
expressed  as  functions  of  the  outside  diameter  r,  and  the  particle  porosity. 


Since  in  this  case  for  the  hollow  sphere 


rz3  /«■  i: 


and  for  the  hollow 


i 


12. 


2 2 

cylinder  r?  / , then  using  2 r,  * sk  where  ak  is  the  kinetic 

particle  sire  as  explained  above,  cne  obtains  for  the  no] low  sphere 


| » 0,1  «*«»( 


ana  far  the  hollow  cylinder 


i -UmeMld-A), 


2 3 
For  the  solia  sphere  I ■ 0.1  ma  , anc  for  the  solid  cylinder  I * ( l/6)»*ex- 


In  these  relations  cne  can  replace  the  kinetic  values  ak  with  the 
dynamic  values  a using  the  relation  from  wcrk  (2)  as  given  here.  But  the 
model  would  be  far  from  the  reality.  It  appears  that  it  would  be  more 
correct  to  adopt  the  mode’  of  rolling  porous  particle  as  a body  with  the 
uniformly  distributed  mass  with  a density  equal  to  the  apparent  density 
^k,  exoressed  as  the  ratio  of  the  mass  to  the  kinetic  volume,  that  is  the 
volume  of  the  particle  material  and  the  pores.  In  such  a case  ( r^  = r * 
a^/  2)  one  can  write  in  general 

/ - 0,2fi*,(l  fi,)  , 

anc  as  previously ?one  obtains 

The  adhesion  energy  in  the  esse  of  rolling  is 

K ft,  AH  Jr  * 4 «,/*»> 

where ^,ls  the  rolling  friction  coefficient,  which  has  the  dimension  of 
length.  After  the  similar  operations,  one  obtains  the  following  adhesion 


criterion  for  the  rolling  particle  in  «.he  turbulent  flow 


13. 


*>: 


(11) 


uh  re^(-  12yiv^/  k^JT  • 

Substitl uting  the  near  flow  velocity  u with  the  flow  velocity  away 
from  the  onstructirn  uQ  using  the  expression  (U),  and  the  kinetic  particle 
dimension  ak  with  a dynamic  dimension  a,  one  obtains 


where  i]/'  = 12  k. 2 • • . v X,  -» 

' J I £ T 1 ^urcn  i tnstujflj 

In  the  case  of^Iaminar  and  static  boundary  layer^  and  assuming  the 
translational  particle  motion,  the  adhesion  criterion  including  the  hydro- 
dynamic  factor  is  (.U)  : 


a*  »*#*’«:- 


ftkA 


•X#/**'  1-4.  * 


(IS) 


where  l.S  dynamic  fluid  viscosity,  h - stream  length, 

fluid  density.  Similarly,  for  the  rolling  particle  one  obtains 


« “^v*a w*-m'  / 


<*«) 


where  $./(  K2  • 

The  value  of  coefficient  kQ  depends  on  the  eguivelent  particle 
ehepe  assumption.  For  the  sphere  ko  ■ 2/5  and  the  cylinder  kQ  ■ # . 


According  to  the  adopted  model,  these  relatione  apply  to  the  porous 
particles,  assuming  that  the  pores  are  uniformly  distributed  in  the  particle 
volume.  Nonunif ormity  In  pores  distribution  lowers  the  model  accuracy. 

In  practice,  especially  in  the  phase  separation  devices,  the  flow  is 
generally  with  the  turbulent  bounaary  layer.  Therefore,  the  main  application 
will  have  the  criterion  (7)  ( for  the  translational  motion  ) and  (12)  ( the 
rolling  motion).  For  the  case  of  particle  rebound  only  the  criterion  (10) 
can  be  applied. 


4.  Application  of  the  Derived  Criterion 

For  the  single  particle  the  following  relation  holds  :.if  , then 

the  rebound  takes  place  or  the  particle  translation,  however  if  1 

there  is  no  rebound  or  particle  translation. 

For  the  rarticie  assembly,  if  the  adhesion  probability  after  the  collision 
is  denoted  by 


particles 

where  N - the  number  of  particles  remaining  on  the  surfacs  after  N.  it 

number  of  colliding  particles.  If  we  introduce  the  normalising  factor 
^ffp'  anQ  use  the  relation 


one  can  writs  (1,2)  : 


«ihe  *Xpf  (OJ)  < 1 , 
I <JI»  f > 1 . 


The  more  aetailec  discussion  on  application  of)\  and  in  the  theory 


5 


of  phase  separation  of  the  dispersed  system  are  given 


OZNACZKNIA  - SYMBOLS 

.1  — cmrgiu  wlaaciwa  adbcxji  (cuergia  prxypadaji)cu  na  jednoalkQ  powic- 

ixcbni  alyku), 

apecific  adhcaiou  eumgy  (energy  coneapunding  lo  i unit  aurfa- 
ce  area  of  Coiilaet) 

a - dynamically  wymiar  cxipilki  (wymiar  cxipttki  bvd^cy  fuokrjg  jej  pr*d- 
kotei  opadaiiia  w ply  mo  Irpkiiu  wed  lug  okredloncgo  prawa  ruebu,  np. 
prawa  Stokeea) 

dynamic  particle  Uimuiiaion  (particln  diminution  being  • function  of 
particle  terminal  velocity  in  a viacoua  fluid  acoordiug  to  tho  deter- 
mined law  of  motion,  for  example  HtobcVlaw) 
ot  — geoiiu-trycxny  kiiictycxuy  wymiar  ccipilki  (wymiar  charakt«rysuj%oy 
kinctycxnii,  cxyli  ubwiedni*  powieriebniv  cxipitki  o dowoluyui  kaxtal- 
cie  i pnrowatuaci)  ^ 

geometric  kinetic  particle  diiuonaion  (diinnin-ion  characterising  a kine- 
tic, l.e.  an  ciivelopiug  particle  aurfuco  of  any  abape  or  poroaity) 
o*  — gcuiuetrycxiiy  atalycxuy  obj^lkak-inwy  wymiar  cxgatki  (wymiar  csgatki 
ibarak Uryiujgey  objytued  niaterialu  cx^atki  o dowoluyui  kaxlaicie 
i porowatoL-i,  Ih-x  objytotci  jej  ew.  purdw) 

geometric  atatic  volumetric  particle  dinieneiun  (particle  dimeusiou 
cbaracterixing  volume  of  particle  aolid  of  any  abape  or  poroaity,  with- 
out ite  poroua  volume) 

— atula  iJappela-K  uwabary 
0 Uappel-Kuwabara  couatant 


In  (12) 


J/tul 


Ul 


m 
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3f»2  w.  <iuti>w4ki 

a¥  — wspAIczyniuk  pruporcjonalnoioi 

proportionality  coefficient 

t'j  — energia  udhesji  usqalki  do  powiurscbui  sderaonia 
c iwrgy  of  pm liclo  adhesion  tv  collision  surface 
his  — euergie  ruakcji  pochudsqc*  od  aily  normslnej  (energia  odbicia  csgatki) 
reaction  energy  resulting  from  normal  force  (energy  of  particle  rebound) 
Hp  — energia  prsyesepnodci  etqstki  do  powiorschui  iderseoia 
euorgy  of  particle  adbesion  to  collision  surface 
fir  - unergia  roakcji  dqiqcu  do  odorwania  csqstki  po  sderseuiu 

reacliou  ouergy  acting  towards  particle  detacbment  after  collision 
h'  — wypadkowa  ally  nonnainoj  i slyesnej 

resultant  force  of  normal  and  tangential  force 
t's  — situ  nornialna  prxy  sderscniu  czqstki  s powioricbuis  sdorsenia 
uormal  (oice  si  purltcle  collision  with  colliding  surfaoe 

— sila  slycxna  prxy  sderscniu  czqstki  s powinrsebnig  sderseuia 
tangential  force  at  purtielo  collision  witb  colliding  surface 

/ — wapfilc xynuik  ruchu 

coelficiont  of  motion 

ftp  — kryterium  pixyczopiinkci  (odrywu)  csipttki  od  puwiorscbni  sdorsenia 

i-ritorion  of  puitielc  uttacbemuiit  (detachment)  to  colliding  aurfnee 
k — dlugoal  drogi  oplywu  powiersebni  sdorsenia  prses  plyu  (fast  ros- 

plUMXujips) 

distance  of  fluid  flow  at  colliding  surfaco 
ff*  - csyiinik  bydrodynamiesny  (charskterysujgcy  pole  prgdkodci  pray 
oplywie) 

hydrodyuamio  factor  (cltaraoleritiug  the  velocity  field  of  flow) 
i — moment  boswluduodci  tocsqcoj  siq  czqstki 

inertial  luumoiitum  of  rolling  particle 

— licsbowy  wspdicsynnik  momontu  boswiadnodoi  cigstki 
coefficient  of  inertial  momentum  of  particle 

Y,  — wspdicsyunik  proporcjoualuodoi 

proportionality  coefficient 
m — masa  czqstki 

muss  of  particle 

Np  — licsba  cxqstuk  posoatujgcyoh  pa  puwiorscbni  po  sderscniu  tig  a gig 
licsby  oxgatek  N, 

number  of  particles  remaining  at  surface  after  oclliaiou  of  Jf,  particles 
M,  — liezba  ctqslck  xdersajqcyeh  si<j  s dang  powurxchniq 
number  of  particles  colliding  witb  surfaco 
r - premie  ri  czqstki  kulistej  lub  cylindrycxuej.  lub  zastqpczy  pronrieri 
czqstki  (pro uticii  czqstki  o xastvpcxym  kastalcio  kuliatym  lub  cylin- 
drycxuym) 

radius  of  spherical  or  cylindrical  partiolu,  or  o«|uivaleot  particle  radiua 
(purtielo  radius  for  equivalent  spherical  or  cylindrical  shape) 

He  - liezba  Itoynoldaa  oduieaiona  do  wymiaru  (erndniey)  opiywauego  ele- 
ment u 

Ueynolds  number  refferred  to  dimension  (diameter)  uf  element  flown 
around 


N 


kgm* 


St 


Hr 


fi 

fie 
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i 

- 

f 


•pi 

•f 


Y 

*Np 

I - In 


«%atki)  J 
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olliaion 


N 

N 
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mm 

(ace 

ros- 
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kg  in* 


i UI4 
tic  Ira 
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id  ills 

ele- 
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Krylcrium  priyoxi'puodci  cigstck  353 


,4k  kimlycsnu  (obwiednia)  powierxcbnia  cxgatkt  o dowoluym  kxxtaieie 

i porowulosri  „,i 

kinetic  (envelope)  particle  surface  with  any  shape  or  porosity 

Sr  lanuaywiatn  polo  pnwicrschni  atyku  oagstki  a powierscbnig  sdersenia  m* 
mil  surface  arcu  of  particle  contact  with  colliding  surface 

11  - prijdkodd  plynu  w pobiitu  oplywunoj  powieraohoi  sdersenia  m/a 

velocity  of  fluid  at  colliding  aurfaoo  flown  around 
- prqdkudd  plynu  w ilalnkiej  odleglodci  nd  oplywauoj  powioraohul  in /a 

vilucity  of  fluid  at  far  diatanoo  from  aurfaeo  flown  around 

up  — drednia  prqdkodci  osgutki  na  odlogiodci  uk  od  powieraohoi  sdersenia 
(prqdkodd  a jukg  osgatka  prxcmioafcx.ilaby  aiq  pod  wpfy veqi  opjy- 
wujipego  powiirxcbnit;  plynu  pray  praewadao  enorgii  plynu  uad  ouergia 
pixyexopuodei)  m/a 

average  particle  velocity  at  diatanco  ak  from  oollidiug  aurfaoo  (velocity 
of  purticlo  motion  under  influence  of  fluid  flowing  around  aurfaeo  at 
aupurior  fluid  energy  in  comparison  with  adhesion  energy)  * 

Up , — prqdkodd  pi>at<ipowog>i  ruobu  toczgcoj  tiq  oaqatki  m/a 

progressive  motion  volocity  of  roiliug  particle 

v/  - atalycxna  olijqtodd  caipitki  o dowoluym  kastalcie  i porowatodoi  (objqtodd 

■natfiialu  cxqstki,  a wy klueteuiem  objqtodoi  owoutuaioyoh  pordw)  in* 
viatic  volume  of  particle  of  with  any  ah  ape  and  poroeity  (volume  of 
particle  material  without  porous  volume) 

v — prvdkodd  doplywu  plynu  do  ayatemu  eiala  porowatego  m/s 

velocity  of  fluid  flow  to  porous  system 

fi  — vtepieri  upakowauia  ayatemu  ciaia  porowatego 
degree  of  porous  ayvtoin  com  pact  nova 

fie  — porowutodd  ezipitki  (vloaunek  objqtodci  pordw  ea%atki  do  Jej  objgtodci 
kiiictycsnnj,  txu.  objijtodci  ograuicsooej  kioetyosuq  oayli  obwiodnia 
powioraeluiia  czgatki ; obj^todd  ta  jest  odpowiodnikiom  poaornoj  ohjgtodoi 
wuratwy  perowatej  tub  eiala  porowatugo) 

particle  porosity  (ratio  of  partielo  porous  volume  to  ito  kinetic  volume, 
i.o.  volume  limited  by  kiuetic  euvelepiug  partielo  aurfaeo;  this  volume 
is  equivalent  to  quosi-velumo  of  porous  layer  or  porous  solid) 

fit  — kiuetycxnu  porowatodd  system u (eiala)  porowatego,  tan.  stoeunnk  objq- 
lodci  pordw  miqdiy  elementami  ayatemu  porowatego  (boa  uwsglgdniania 
pordw  wewuHlrs  aaiuych  elementdw)  do  objstodei  dauego  ayatemu,  up. 
wuratwy  uasypowej,  nialerialu  wldknistego  ltd. 

kinetic  porosity  of  porous  system  (solid),  i.o.  tba  ratio  of  porous  volume 
between  tbe  elements  of  the  porous  system  (without  poree  I aside  ele- 
ments) to  the  system  tyilime,  for  osamploi  bank  layar,  flbroua  malarial 

etc. 

y - kgt  odbieia  cssalki  od  powiersobui  adoraenia  dog 

angle  of  particle  rebound  from  colliding  surface 

&Sp  — cxynnik  normujnoy 
nurmalixmg  factor 

ip  — prawdopodubieiiatwo  prxycaepienia  esgatki  do  powierackai  adirsoaja 
probability  of  particle  altarkmeat  to  ooUidtng  surface 


W.  (jllT'IWagl 


dyilllliii'iiNi  Irpkoai'  ply || u 
dynamic  viacueity  ot  fluid 

WapAleaynnik  tarcia  atatyiancge  u.i«day  powieracknie 
Mrirm  I|II|||  li|«rinuu  ~ 

cudllicitnl  ot  lUtit  friction  between  Mitielt  aurfMt 
aurfaco 

wapdlcaynuik  tarcia  locancgo  uai^dsy  powieracbnia  adera« 
“>V  |*o  uiej  caipilk* 

coefficient  ot  rolliug  friction  between  ooUidiu*  aurtec 
pur  tide  * 

wapidcaynuik  ntyku 
contact  rooffioiont 
gynlonc  ply  ii u 

fluid  ill  ■Unity 

(••■nwiigli'diin  (umteiialowa)  oxiyatk i 

aliMilutu  (nolid)  particle  dciiaily 

k**t  adcrii-nia  (pudaiiia)  cxipitki  a powieracbnia  aderzenia 
angle  of  colliuiou  (fall)  of  particle  with  colliding  aurfac 


cnilMtM  •(  a aolid  (a  particle)  with  a 


Kig.  I.  Itutriliutiou  ot  for cea  in  identic  alipplc 

•erfarc  II  urgteet  adbaeian  kaw  (a)  aad  table 
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